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Abstract

Many studies have found cognitive deficits related to alcohol consumption. However, few studies have studied cognitive performance

when alcohol was administered after the to-be-remembered information was presented with memory testing occurring when participants are

once again sober. The present study examined effects of alcohol on cognitive performance using a prose recall task during acute intoxication

and a post-trial recall task for prose passages that had been presented before intoxication. Fifty-one men were given either 2.0 g/kg of 100

proof (50% absolute ethanol) vodka or a placebo. In the present study, evidence was found of acute alcohol impairment in prose memory,

along with alcohol facilitation of memory on a post-trial task.

D 2005 Elsevier Inc. All rights reserved.
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1. Alcohol-induced impairment and enhancement of

memory

It has been well established that acute intoxication with

ethanol results in memory impairment. Parker et al. [1]

found that the number of words recalled and organization of

materials decreased with increasing doses of alcohol.

Subsequent work reported that intoxication with alcohol

disrupted encoding processes [2] but that retrieval of

memory is not impaired by intoxication with alcohol [3].

In these studies, subjects encoded new information when

they were sober and retrieved the information while they

were either sober or intoxicated. The results of both studies

indicated that alcohol did not influence retrieval when the

information was encoded when the subjects were sober.

Studies using prose passages also indicated that acute

intoxication with alcohol impaired memory performance
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[4]. Forty male participants were administered either 1.0 g/

kg of body weight of 80 proof vodka (40% absolute ethanol)

or a placebo. Participants were asked to listen to and

immediately recall narrative passages presented at 120, 160

or 200 words per minute (wpm). Both sober and intoxicated

subjects favored the main ideas of the passage in their

recalls relative to the non-essential details. Alcohol-induced

memory impairment was similar for text propositions at all

levels of importance when the passages were presented at a

slow (120 wpm) or medium rate (160 wpm). However,

when passages were presented at a fast rate (200 wpm), the

largest effect of alcohol was found for the most important

ideas in the passages. These results suggested that alcohol-

induced deficits in prose memory might result from a

general slowing in the rate at which text is encoded into

working memory. Additional work has demonstrated that

intoxicated participants read slower and recall significantly

less from prose passages than sober participants [5,6].

Animal research has found evidence of facilitation of

memory when alcohol is administered after to be recalled
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material is presented and then later tested. Alkana and

Parker [7] found facilitation for memory of a passive

avoidance task in mice administered 0.75–4.5 g/kg of

ethanol after training. Ladner et al. [8] found that mice that

had previously learned the location of a piece of cheese and

then received an intraperitoneal injection of 2.0 g/kg of

ethanol had an increased latency to eat the cheese

suggesting that the cheese was considered aversive. Prediger

and Takahashi [9] found that rats administered a low dose of

alcohol (0.5 and 1.0 g/kg) after exposure to juvenile rats

showed enhanced social recognition of juvenile rats, a test

of short-term memory. These researchers suggest that this

facilitation in memory may be due to activation of the

opioid system because when rats were administered an

opioid antagonist (naloxone) this facilitation was lost.

Investigations of the impact of alcohol on memory in

humans [10–12] have also found facilitation of memory

performance for information learned prior to intoxication if

the participants were tested several hours after intoxication

when their blood alcohol levels (BAL) was 0. Parker et al.

[10] administered 1 g/kg of vodka to 16 male volunteers

resulting in a mean BAL of 0.08 g/100 ml. Prior to receiving

alcohol, participants had studied 10 scenic slides. Partici-

pants were then tested on recognition of the slides 3 h later.

Participants correctly recognized significantly more pictures

than during a non-alcohol baseline session, which took

place the morning of the same day as the alcohol session. In

a second experiment, Parker et al. [10] tested 72 male

volunteers on incidental memory for a list of 30 words in

five categories. Participants were asked to sort the words

into the categories and were then administered 1 g/kg of

vodka or a placebo. Participants were asked to freely recall

the words the next day. Participants who had received

alcohol recalled significantly more words and categories

than the placebo participants.

Lamberty et al. [11] presented either word lists of 28

unrelated nouns or three narrative prose passages to

participants prior to treatment with either 1.0 g/kg of 80

proof (40% absolute ethanol) vodka or a placebo. Participants

were tested on recall and recognition of the word lists or recall

of the prose passages 24 h after drinking. Lamberty et al.

found no effect of treatment on recall or recognition of the

word lists. However, for the prose recall task, alcohol

participants produced higher recall scores than placebo

subjects. The authors hypothesized that the alcohol facilita-

tion of memory may have been due to a disruption of the

participant’s ability to form newmemories, and thus resulting

in potential reduction of post-encoding interference.

Mueller et al. [12] presented direct support for an

interference account of alcohol facilitation of recall. Mueller

et al. tested participants in a 2-day, double-blind experi-

ment. Participants reported to the lab between 3:30 and 6:00

p.m. after a 3-h fast. Each participant was visually presented

with two, 24-word lists and recalled each word list

immediately after each list was presented. After recall of

the first two lists, participants were administered 2.2 g/kg of
90 proof (45% absolute ethanol) vodka mixed with

grapefruit juice (3:1 ratio) or a placebo of grapefruit juice.

Participants were given 20 min to finish their drink

followed by a 20-min absorption period. After the

absorption period, participants were presented with two

additional 24-word lists and immediate recall was obtained

followed by a recall the next day. The average BAL was

0.065% after the absorption period and 0.078% after recall

of the fourth list. Recall of lists presented immediately after

administration of alcohol was significantly impaired. Recall

obtained on the second day of the experiment indicated that

recall of words presented prior to the administration of

alcohol was significantly higher than recall of words

presented after administration of alcohol. The authors

argued that alcohol-enhanced memory performance occurs

because alcohol impairs the acquisition of new, interfering

memories.

The concept of interference as an explanation of

retrograde facilitation was originally forwarded by Parker

and Weingartner [13]. They argued that facilitation of

memory might be the result of a reduction in cognitive

processes after alcohol administration: that is alcohol

suppresses cognitive activity, which interferes with the

formation of new memories. Tyson and Schirmuly [14]

tested whether alcohol-induced memory facilitation of a

word list was due to consolidation or interference.

Participants were given either 0.8 g/kg of 40% alcohol or

a placebo immediately after, or 40 min after, presentation of

a 25-word list. The peak BAL occurred at 40 min after

administration of the alcohol with a mean of 0.055 g/100

ml. In addition, participants were given an incidental

learning task at 2 h after drinking consisting of a set of

10 pictures with associated words. Four hours after

drinking, subjects were tested on recall and recognition.

The BAL at this stage was not reported. The participants

who received alcohol recalled significantly more words

than the placebo group. Alcohol facilitated memory for

both the immediate and 40-min conditions, thus not

supporting a consolidation hypothesis. The alcohol-treated

participants did, however, have impaired performance on

the incidental-learning task, supporting the interference

hypothesis.

Parker et al. [15] using the same task as experiments

described earlier [10] (recognition of scenic slides) reduced

the potential for interference during the 7-h period from

administration of alcohol to post-trial testing by limiting

cognitive and memory testing. They found memory

facilitation at doses of .5 and 1.0 g/kg of alcohol. These

researchers cited this as evidence for the consolidation

theory of alcohol facilitation of memory.

Esposito et al. [16] postulated that alcohol enhanced the

consolidation of memories encoded prior to consumption of

alcohol, specifically that these effects involve activation of

dopaminergic–enkephalinergic neuronal pathways thought

to be involved in memory consolidation. Esposito et al.

theorized that this activation induced a hedonic state and
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facilitated memory for events that occurred immediately

before the state change.

The purpose of the present study was to expand previous

work [11,14] by examining both alcohol-induced impair-

ment and alcohol-induced facilitation of prose memory. The

present study examined whether participants would exhibit

both, memory impairment during intoxication on an

immediate prose recall task, and memory facilitation after

intoxication of the prose material presented prior to

drinking. Lamberty et al. [11] argued that alcohol facilitation

of memory performance resulted from reduction of inter-

ference, yet provided no direct test of reduction of post-

encoding interference. In the present study, a prose recall

task was given after administration of alcohol in order to

provide a direct measurement of interference. In fact,

Lamberty et al. [11] dismissed their placebo participants

once drinking had been completed and no restrictions were

placed on the activities of the intoxicated participants other

than that they remain in the lab until they were no longer

intoxicated. Therefore, no direct measure of post-drinking

encoding performance was obtained from the Lamberty et

al. study. In the present study, intoxicated and sober

participants remained in the lab for the same amount of

time. Measures of prose memory were obtained immediate-

ly after participants finished drinking to document impaired

text memory and demonstrate reduced interference leading

to facilitation in memory for passages presented before

drinking.
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Fig. 1. BAL dose response curve.
2. Methods

2.1. Participants

Male participants between 21 and 39 years of age

(M =22.43 years, S.D.=2.31) were recruited from the

University of North Dakota campus, as well as from the

surrounding community. A health screening and drinking

history were obtained prior to participation. Participants

without chronic illness, who were not taking prescription

medication, who were moderate social drinkers and who

had never been treated for alcoholism, were invited to

participate in the study. Moderate social drinkers were

defined as those participants who reported that they drank

alcoholic beverages at least once per week and consumed at

least two drinks each time. The study included 51 male

participants with 24 randomly assigned to the alcohol group

and 27 randomly assigned to the placebo group. Some

attrition resulted from participants who reported to the lab

with a BAL above 0 or had a blood pressure that exceeded

140/90. This attrition led to an uneven number of

participants in each group. The Institutional Review Board

at the University of North Dakota approved this study and

informed consent was obtained from each participant.

Participants were given either class credit or $25 for their

participation.
2.2. Materials

A digital blood pressure cuff was used to assess blood

pressure and heart rate. An Intoximeter IV breath alcohol

meter (Intoximeter, Inc., Saint Louis, MO) was used to

assess BAL.

Participants were given the Wahler Physical Symptom

Inventory [17], an inventory of 42 common physical

symptoms. Participants were asked to rate how often each

symptom bothered them. Participants also completed the

Khavari Alcohol Test [18], providing information about the

frequency and amount of their consumption of beer, wine

and other liquors. The score produced by the Khavari is the

annual consumption of absolute alcohol (AAAI).

The vocabulary, digit span forward, digit span backward,

digit symbol and letter–number subtests of the WAIS-III

[19] were also administered. The vocabulary subtest

includes 33 words of increasing difficulty. The digit span

forward subtest requires participants to repeat a sequence of

orally presented digits in the same order in which they were

presented. The digit span backward subtest requires

participants to repeat a sequence of digits in reverse order

from which they were presented. The digit symbol subtest

consists of a list of numbers paired with symbols and

requires participants to match as many symbols with

numbers as possible in 90 s. The letter–number subtest

requires participants to recall a sequence of letters and digits

by first stating the numbers in numerical order and then

stating the letters in alphabetical order.

The prose passages consisted of three expository and

three narrative stories each containing 200–220 words and

rated at seventh to eighth grade readability [20]. The

passages were previously divided into idea units rated for

importance (low, medium or high) [21], with 25–26 idea

units for expository passages and 29–34 idea units for

narrative passages.

2.3. Procedure

Participants were instructed to abstain from drinking

alcohol and using over-the-counter medication such as



Table 1

WAIS sub-tests: scale means and T-values as a function of group

Variable Alcohol Placebo t Probabilities

Vocabulary 10.63 (2.28) 11.19 (2.39) � 0.85 0.40

Digit span 10.71 (2.95) 10.89 (3.13) � 0.21 0.83

Letter–number 11.13 (3.01) 10.81 (2.68) 0.39 0.70

Digit symbol 7.83 (1.81) 8.70 (2.61) � 1.37 0.18

Parentheses indicate standard deviation.
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aspirin for the 24 h preceding the study. Participants were

also asked to eat breakfast before reporting to the lab. All

sessions were conducted between 9 a.m. and 5 p.m.

Participants were brought into the lab between 9 a.m. and

10 a.m. After giving signed informed consent, each

participant’s blood pressure, heart rate, height, weight and

baseline BAL were measured. Any subject with a baseline

BAL other than 0 was dismissed from the study.

Participants were presented with a tape-recorded practice

prose passage and asked to listen carefully and remember as

much as possible. As soon as the passage was completed,

participants were asked to orally recall the passage into a

tape recorder. Participants then listened to the two prose

passages (one narrative, one expository) that would serve as

the stimuli for the post-trial prose recall task, 25 min prior to

drinking ethanol. Participants were instructed that they

would need to recall these stories at the end of the study.

After this, participants were administered the WAIS-III

vocabulary subtest, the Wahler Physical Symptom Inventory

and the Khavari Alcohol Test.

Participants were then randomly assigned to either the

alcohol or placebo condition. Participants in the alcohol

condition were given 2.0 g/kg of body weight of 100 proof

vodka (50% absolute ethanol) in a solution of one part

vodka to two parts orange juice. Participants in the placebo

condition were given the same amount of liquid as the

alcohol group, consisting only of orange juice. One gram of

vodka was used to swab the rims of the glasses in the

placebo condition in order to produce an alcohol smell. The

beverage was divided into three glasses and the participants

were given one glass every 20 min for a total of 1 h of

drinking time. The participants then rinsed their mouths out

with water. Ten minutes after the drinking period was

completed, the first BAL was taken.

Immediately after the first BAL reading, the immediate

prose recall task was administered. Participants were asked

to read one practice and four experimental passages (two

narrative, two expository) at their own pace using a personal

computer. The computer presented the passages one idea
Table 2

Immediate prose recall task: mean proportion of idea units recalled as a function

Type Narrative

Importance High Medium Low

Alcohol 0.84 (0.13) 0.63 (0.17) 0.48 (0.1

Placebo 0.89 (0.08) 0.77 (0.11) 0.56 (0.1

Parentheses indicate standard deviations.
unit at a time, each time the return key was pressed.

Participants controlled the return key and thus the rate of

presentation. Immediately after reading each passage,

participants orally recalled the passage into a tape recorder.

After all passages were recalled, participants were

allowed to read or watch movies, but could not leave the

premises, for a 4-h period. A BAL reading was taken every

30 min during this 4-h period. Four hours after the first BAL

reading, participants were given the digit span forward, digit

span backward, digit symbol and letter–number subtests of

the WAIS-III.

After the subtests from the WAIS-III were completed (4.5

h after the first BAL), the post-trial prose recall task was

administered. Participants were asked to recall the two prose

passages that they had listened to before drinking. Partici-

pants were cued with a descriptive title of the story to be

remembered.
3. Results

The average age of participants in the alcohol group was

22.50 (S.D.=2.32) years and in the placebo group 22.37

(S.D.=2.31) years. A series of t-tests revealed no signifi-

cant differences between groups on age, height, weight,

systolic and diastolic blood pressure, heart rate and overall

health as measured by the Wahler Physical Symptoms

Inventory. The Khaveri Alcohol Test was used to determine

whether there were differences between groups on prior

alcohol consumption. No significant differences were

found. According to the Khavari Test scores, the alcohol

group had an average annual absolute alcohol intake

(AAAI) of 380.78 (S.D.=358.84) and the placebo group

had an average AAAI of 436.81 (S.D.=390.98). Khavari

and Farber [18] found an average AAAI for college

students of 312 and an average AAAI for two groups of

alcoholics of 2592 and 3163.

For participants receiving alcohol, the average BAL for

the first reading (immediately after participants finished

drinking) was 0.07 (S.D.=0.02) and the average BAL 30

min later was 0.08 (S.D.=0.02). The average BAL 4 h later

was 0.03 (S.D.=0.01) and at the completion of all testing

0.02 (S.D.=0.01) (see Fig. 1).

A t-test determined that there were no significant

differences between groups on the vocabulary subtest of

the WAIS-III. The alcohol group had an average scale score

of 10.63 (S.D.=2.28) and the placebo group had an average
of treatment group, importance level and passage type

Expository

High Medium Low

7) 0.57 (0.16) 0.46 (0.15) 0.29 (0.16)

5) 0.67 (0.13) 0.60 (0.15) 0.42 (0.13)



Table 3

Post-trial prose recall task: mean proportion of idea units recalled as a function of treatment group, importance level and passage type

Type Narrative Expository

Importance High Medium Low High Medium Low

Alcohol 0.93 (0.08) 0.64 (0.15) 0.36 (0.14) 0.51 (0.23) 0.57 (0.27) 0.44 (0.29)

Placebo 0.90 (0.21) 0.51 (0.17) 0.27 (0.16) 0.55 (0.23) 0.50 (0.20) 0.37 (0.20)

Parentheses indicate standard deviations.
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scale score of 11.19 (S.D.=2.39). Several cognitive tests

were given 4 h after drinking ended. No significant

differences were found on t-tests for the digit span, letter–

number or digit symbol subtests of the WAIS-III. Mean

scaled scores and independent t-test scores for these

variables are presented in Table 1.

A transcript of each prose passage recall was scored by a

rater who was blind to treatment group. A subset (20%) of

the recall transcripts was independently scored by a second

rater who was also blind to treatment group. The percent

agreement for the two raters ranged from 80% to 91% with a

mean inter-rater reliability of 87%. Memory for each

passage was expressed as the proportion of idea units

recalled at each of three levels of importance (low, medium

and high).

The mean recall as a function of treatment group,

importance level and passage type for the prose recall task

given during intoxication (immediate prose recall task) is

presented in Table 2. A 2 (group)�2 (passage type)�3

(importance level) mixed ANOVA revealed significant main

effects of group, F(1,42)=12.08, p <0.001, and passage

type, F(1.42)=112.94, p <0.001, which indicated that

alcohol participants recalled fewer idea units than placebo

participants (M=0.55 vs. M =0.65) and recall of narrative

passages (M=0.70) was significantly higher than recall of

expository passages (M =0.50). A significant main effect of

importance level was observed, F(2,84)=253.13, p<0.001,

indicating that recall of idea units increased as a function of

their importance to the overall story. A significant interac-

tion of passage type�importance level was also observed,

F(2,84)=4.48, p <0.014. A subsequent Tukey analysis of

the interaction indicated that the superior recall of narrative
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Fig. 2. Immediate and post-trial prose recall: treatment group�importance

level�task.
passages compared to expository passages was greatest for

the idea units of low importance.

The proportion of idea units recalled as a function of

group and level of importance for the prose recall test

given on material learned prior to drinking is presented in

Table 3. A 2 (group)�2 (passage type)�3 (importance

level) mixed ANOVA revealed significant main effects of

passage type, F(1,41)=12.21, p <0.001, and importance

level, F(2,41)=183.63, p <0.000. Recall of narrative

passages (M =0.60) was significantly higher than recall of

expository passages (M =0.49) and recall of high impor-

tance idea units (M =0.72) was significantly better than

recall of medium importance (M =0.55) and low importance

(M =0.36) idea units. A significant interaction of impor-

tance level�group was observed, F(2,82)=3.70, p =0.03.

Subsequent Tukey analysis indicated that the participants

who received alcohol had significantly greater recall of idea

units of low and medium importance relative to placebo

participants, with no group difference in recall observed for

high importance idea units. A passage type�importance

level interaction was also found F(2,82)=55.20, p <0.000,

with high importance idea units in the narrative passage

(M =0.92) having the greatest recall.

Fig. 2 displays the proportion of idea units recalled as a

function of importance level and condition. As is apparent

in the graph, alcohol resulted in impaired performance on all

types of idea units (high, medium and low importance

levels) during the prose recall task given after drinking.

For the prose passages learned prior to intoxication and

recalled 4 h after intoxication (post-trial), the alcohol group

recalled approximately the same proportion of idea units as

the placebo group on the high importance level idea units.

However, the alcohol group exhibited greater recall of

medium and low importance level idea units than did the

placebo group.
4. Discussion

The findings of the present study demonstrated that acute

intoxication with alcohol resulted in impaired prose recall.

This finding is consistent with previous work in which

participants read passages at their own rate [5,6] or listened

to recorded passages at several rates of presentation [4]. In

addition, the present study found facilitation of recall for

passages that had been presented immediately prior to

intoxication with alcohol. This finding is consistent with

Lamberty et al. [11]. The present study demonstrated both
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impairment under acute intoxication and post-intoxication

facilitation of memory. In particular, for the low importance

idea-units in the narrative passages, alcohol participants had

reduced recall during the immediate prose recall task and

had significantly increased recall on the post-trial task. The

recall facilitation was observed even though average BAL

was above 0 (M=0.03), a limitation of the present study.

Future research may find a greater facilitation of memory on

a prose memory task if participants are tested when BAL

has reached 0.

Improved recall was observed for the idea units of low

and medium importance, presumably the most difficult

information to remember. Perhaps future work in this area

should explore whether post-trial alcohol facilitation of

memory varies as a function of task-difficulty. This may

help delineate the degree to which post-trial facilitation is a

general effect or unique to the information-processing

demands of the task. In addition, manipulation of the time

interval would serve as a test of the consolidation theory.

Previous researchers [12,14] have suggested that this

facilitation is the result of reduced interference. Mueller et

al. [12] explained that reduced interference results in a

decrease in the number of memories stored during intoxi-

cation, which in turn results in fewer memories to

potentially interfere with recall when sober. The recall

decrement we observed along with the recall facilitation is

consistent with the reduced interference explanation and

adds to the evidence for the reduced interference hypothesis.

Post-trial facilitation has also been found with nicotine

[22] and caffeine [23]. Alcohol, nicotine and caffeine all

result either directly or indirectly in an increase in dopamine

[24,25]. This increase in dopamine may lead to a hedonic

state supporting a physiological explanation of post-trial

facilitation [16]. Other studies have found post-trial facili-

tation with benzodiazepines [26], which along with alcohol

augment GABA-mediated synaptic transmission [25]. Fu-

ture research is needed to more clearly determine the

physiological mechanism of action for post-trial prose recall

facilitation.
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